Post-mortem studies on the relationship between coronary artery lesions and cigarette smoking in smoker subjects who died from AMI are numerically of scarce consistency if compared to the epidemiological and clinical findings. However, autopsy examination provides certain results on the definition of the existing link.
Introduction
Cigarette smoking has been stably recognized as a major cardiovascular risk factor by the American Heart Association since evidence indicates that both types, active and passive smoking, highly increase the rate of coronary artery disease [1] [2] [3] [4] [5] .
A growing evidence, particularly of some reports [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] , contribute to identify mainly the clinical, epidemiologic and functional characteristics of the cardiovascular effects related to smoking, while less attention has been given to the morphology of pathological lesions, which occur as a consequence of smoking compound activity.
Nicotine and carbon monoxide exert their harmful effects on the heart and blood vessels, although the development of the lesions depends on both the place where alterations appear and duration of smoking exposure [16, 17] . Evidence indicates that functional disorders are prevailingly associated with the activity of nicotine and its metabolites, whereas morphological alterations are the results of chronic and prolonged exposure to smoking and are mostly related to the toxic effect of carbon monoxide.
The purpose of this study was to retrospectively analyze the main morphological coronary lesions in smoker subjects deceased from acute myocardial infarction (AMI) undergone post-mortem exam. specifically infarct, were recorded and percent extent quantified in comparison to the total myocardium by using a polar planimeter and, then, photographed.
The coronary vessels were examined cutting each major coronary artery and its branches transversely along the entire length at an interval of an approximately half centimeter. All observed alterations were measured according to their length and degree and recorded.
Microscopic examination of both myocardial slices and coronary artery segments was carried out after hematoxylin-eosin staining as described by Mallory et al. [22] .
Every removed segment of the coronary arteries together with intramyocardial vessels was analyzed. A total of 400 specimens were examined for both groups, smokers and the control group. Artery wall alterations, intraluminal narrowing, and thrombi partially or totally occluding the vessel lumen recorded. When partial narrowing affected the internal diameter of the coronary vessel, its degree was measured and calculated in percent as compared to the normal internal diameter with an ocular micrometer. Therefore, study the degree and length of the narrowing were carefully established. Accordingly to a previous study [20] , four types of narrowing were classified: 1 to 30%, 31 to 60%, 61 to 90%, and over 90%. A narrowing over 90% was considered as practically occluding the coronary lumen. Table 2 summarizes the main characteristics of the methodological examination of the coronary arteries in the studied patients.
The coronary alterations observed in smokers and control group were statistically tested by using t-test with a statistically significant estimate of P < 0.05.
Results
68 autopsy cases with AMI were smokers (85%), while the other 12 (15%) non-smokers act as a control group. Similar lesions characterized both smokers and non-smokers with regard to occlusive thrombi (respectively 43-63.2% and 5-41.5%, P>0.05) and calcium deposits in the artery wall (respectively 27-39.7% and 4-33.3%, P>0.05). These alterations did not show a statistically significant difference, although, numerically, they were prevailing in the smoker subjects.
Different observations were related to the degree of narrowing and the number of coronary arteries affected.
The smoker group displayed a narrowing between 1 to 30% in 4 cases (6%), 31 to 60% in 5 (7%), 61 to 90 % in 15 (23%), and over 90% in 48, including the subjects showing occlusive thrombi. The control group displayed the following records: 1 to 30% in four cases (33%), 31 to 60 % in 2 (17%), 61 to 90% in 1 (8%), and over 90% in 5 cases (42%), also including subjects with an occluding thrombus. P <0.05 was observed for the narrowing between 1 to 30% to the advantage of the non-smoker group and between narrowing between 61 to 90% of the smoker subjects.
One, two, and three vessel coronary disease affected both groups, but with a statistically significant difference (P<0.05) for the smokers with regard to three vessel disease. One vessel disease affected 51 smokers (75%) vs 11 (91.6%) non-smokers, two vessel disease was demonstrated in 10 smokers (14.7%) vs 1 (8.4%) of non-smokers, and three vessel disease characterized 7 smokers (10.3%), but none nonsmoker.
The Tables 3 and 4 show the degree of damage for the coronary arteries of both groups.
Discussion
It is worth noting that a fundamental concept emerges from this study. Since it is a morpho-pathological study that analyzes autopsy Figure 1 : Illustration of the technique for the post-mortem coronary angiography. A rubber was placed through the aorta into the aortic orifice and, then, the coronary tree was injected with a radiopaque mass by a cannula tied into the aorta. material, the observed alterations are really existing and documented with no doubt. In addition, there is evidence of a greater extent and number of structural lesions in the coronary arteries of the smokers, who died from AMI, out of any statistical evaluation. Such evidence would confirm the deleterious effects due to smoking exposure at different levels of the cardiovascular system as reported by several papers [23] [24] [25] [26] [27] .
With regard to the type of structural alterations documented in the coronary arteries of this study, three factors play a strong role: the incidence and type of narrowing, calcium deposits, and number of arteries affected.
Coronary narrowing has to be considered the anatomical substrate of the alterations caused by cigarette smoking since it is related to luminal vessel patency and, therefore, to coronary blood flow. However, the degree and extent of the narrowing do not determine the characteristics of myocardial necrosis. Indeed, two types of necrosis are usually recognized as a consequence of cigarette smoking [28] [29] [30] : ischemic necrosis due to occluding pathology of coronary circulation and toxic necrosis as an effect of chemical substances able to damage the myocardium. Thus, cigarette smoking may cause both types of necrosis, which, therefore, occurs without coronary alterations in some cases. Myocardial necrosis is the most serious event that nicotine and carbon monoxide can cause [31] [32] [33] .
Generally, the pathological lesions of the coronary arteries are prevailing because cigarette smoking triggers endothelial dysfunction, which has been documented to be the "door" of atherosclerosis [34] [35] [36] [37] that is characterized by thrombotic alterations. However, the effects of necrosis of the myocardium are almost similar in both types.
Calcium deposits have been observed in the coronary arteries of both smokers and non-smokers with no statistically significant difference in this study.
Evidence indicates that deposits of calcium are a common observation in the atherosclerotic artery vessels [38] . Therefore, they may be the result of any factor able to cause coronary atherosclerosis including cigarette smoking.
Calcium deposits have been found in the arterial wall together with a major incidence and extent of thrombi [39] particularly in smokers. These observations also involve hemostatic parameter alterations primarily fibrinogen with documented disorders in blood fibrinogen concentrations. Therefore, on the one hand, increased amount in calcium deposits and on the other changes in coagulationfibrinolysis cascade well explain the reasons of the greater incidence of thrombus in the coronary arteries of smokers died from AMI. However, these abnormalities are not a specific pattern of smokers because they may be common to similar ischemic pathology caused by other factors.
Morphologically, calcium deposits are usually seen in the context of atheromas in presence of advanced coronary atherosclerosis together with lipid accumulation as an effect of both nicotine and carbon monoxide [30] .
Increased calcium deposits on vascular tree affect the arteries of active smokers and exposed never smokers to a significantly major rate when these two groups are compared with non-exposed never smokers [39] . However, similar conclusions are not reached by this study.
Usually, these anatomical changes have an unfavorable prognosis, particularly for those individuals suffering from pre-existing ischemic heart disease and undergone an infarct.
Initially, calcium deposits may be documented in the mitochondria of dead cells or cells which are dying and, then, fill irregularly the entire atheroma. Apart the major occurrence of thrombus, the most typical lesion determined by calcium deposits consists of an increased stiffness of the arterial wall with alterations of coronary blood flow as an effect of the reduced elasticity of the vessel.
The distribution and extent in the number of coronary arteries affected is worthy of a different mention when smokers died from AMI are compared with similar subjects, but non-smokers as the present study clearly shows.
Three vessel disease has been observed in the smokers who died from AMI with a statistically significant difference if compared to non-smokers. Indeed, evidence indicates that three vessel disease has deleterious effects on myocardial function and causes severe hemodynamic impairment [40] . Subjects with recurrent angina pectoris at rest often displayed three vessel coronary disease and left ventricular dysfunction. A higher prevalence of three vessel coronary disease was documented in smokers by studies of Sukhija et al. and Frid et al. who also demonstrated angiographically that smoking cessation produced a reduction in the extent and number of coronary alterations [41, 42] . Therefore, both the number of coronary arteries involved and degree and number of narrowing of the vessel lumen undoubtedly influence the anatomical characteristics of the lesions in the smokers.
One and two vessel coronary artery disease have been observed in both smokers and non-smokers died from AMI with no statistical difference in this study.
It is worth noting that the pathology of the coronary arteries observed at the autopsy in individuals who died from AMI is characterized by multiple aspects going from no or minimal coronary alterations [43] [44] [45] up to the occurrence of severe involvement [46] mainly related to the features of the atherosclerotic plaque [47, 48] . However, usually smokers display multi-vessel coronary disease and characteristic lesions consisting of multiple coronary narrowing and thrombi partially or totally occluding vessel lumen at post-mortem examination. However, no clear approach exists to establish the threshold to which a coronary vessel is related to ischemic heart disease. As a paper of Baroldi et al. undoubtedly shows, both the degree of vessel occlusion and its histopathological characteristics play a similar effect [19] .
Conclusions
The results of this study, which has been conducted in patients who died from AMI, clearly show that a strong relationship between cigarette smoking and coronary artery lesions exists as the parameters analyzed at the autopsy undoubtedly have documented. In addition, this study underlines how post-mortem findings, which are often neglected to an advantage of clinical and epidemiological observations, provide certain results, although related to a small number of cases in comparison with, on the deleterious effects of cigarette smoking on coronary arteries.
Finally, more severe coronary narrowing and multi-vessel coronary disease characterized the smokers who died from AMI and were the distinguish marker of cigarette smoking.
